have an achiral substituent at the same position such as methyl and formyl. Second, the carbon chain connecting the decalin and the cyclohexene units in maklamicin is the shortest ever reported. In this work, we report genetic information to understand biosynthetic mechanisms underlying these two distinct characteristics of maklamicin.
The 152 kb DNA region including maklamicin (mak) biosynthetic gene cluster was identified by an in silico screening on the Micromonospora sp. NBRC 110955 contig database, using glycerate utilization operon that is necessary for the biosynthesis of the tetronate moiety, together with screening and sequencing of cosmid and BAC clones. Gene disruption analysis and sequence analysis indicated that four typical modular type I PKS genes (makA1-makA4) encoding 12 modules are responsible for the polyketide assembly process. A set of five genes (makB1-makB5) is highly conserved in the biosynthetic gene clusters of spirotetronate antibiotics, and makC2, a cytochrome P450 gene, is estimated to be involved in the modification step to attach the hydroxyl group. Furthermore, the deoxy-maklamicin, produced by the makC2 disruptant, displayed stronger bioactivity against Staphylococcus aureus compared to that of maklamicin. These results provide us the useful information for not only understanding the biosynthetic mechanism of spirotetronate antibiotics but also generating derivatives of maklamicin with significant bioactivity. 
